The compound IrTe2 is known to exhibit a transition to a modulated state featuring Ir-Ir dimers, with large associated atomic displacements. Partial substitution of Pt or Rh for Ir destabilizes the modulated structure and induces superconductivity. It has been proposed that quantum critical dimer fluctuations might be associated with the superconductivity. Here we test for such local dimer correlations and demonstrate their absence. X-ray pair distribution function approach reveals that the local structure of Ir0.95Pt0.05Te2 and Ir0.8Rh0.2Te2 dichalcogenide superconductors with compositions just past the dimer/superconductor boundary is explained well by a dimer-free model down to 10 K, ruling out the possibility of there being nanoscale dimer fluctuations in this regime. This is inconsistent with the proposed quantum-critical-point-like interplay of the dimer state and superconductivity, and precludes scenarios for dimer fluctuations mediated superconducting pairing.
Unconventional superconductivity (SC) often emerges in the proximity of symmetry breaking electronic and magnetic orders upon their destabilization by chemical modifications, external pressure and fields, as seen in a diverse variety of quantum systems [1] [2] [3] . The pairing mechanism remains elusive [4] , in part because the role of fluctuations of adjacent ordered states and their ubiquity are not fully established and understood [5] [6] [7] . Studying such fluctuations is quite challenging [8] , one of the reasons being the lack of the long range coherence [9] . When broken symmetry states, for example electronic states involving 5d manifolds in CuIr 2 S 4 [10, 11] and IrTe 2 [12, 13] where two Ir 4+ S=1/2 bind into spinless spatially ordered dimers, are coupled to the lattice, footprints of their fluctuations become evident in the local atomic structure and can be studied indirectly using a local structural probe [14, 15] such as the atomic pair distribution function (PDF) analysis of powder diffraction data [16, 17] . Here we use x-ray PDF to probe the existence or absence of Ir 4+ -Ir 4+ dimer fluctuations in doped IrTe 2 superconductor, which yields information essential for bona fide considerations of dimer/SC entanglement in this system.
Trigonal metallic iridium ditelluride, IrTe 2 , has garnered significant attention over the past several years following the discovery of bulk superconductivity (T c ∼3 K) in its intercalated and substituted variants IrTe 2 :Pd [18] , Ir 1−x Pt x Te 2 [19] , Cu x IrTe 2 [20] , and Ir 1−x Rh x Te 2 [21] . Interestingly, the appearance of SC also follows the suppression of a long range ordered electronic state, in this case associated with charge disproportionation enabled Ir 4+ -Ir 4+ dimerization [12, 13] [28] transition metal dichalcogenide superconductors, where destabilization of the charge density wave (CDW) order leads to SC. Importantly, in Cu x TiSe 2 quantum criticality associated with fluctuations of CDW order has been considered in relation to SC pairing [29, 30] . A perceived analogy with these systems prompted a hypothesis of quantum critical point (QCP) like interplay of SC and dimerization in IrTe 2 derivates [18] , and speculations about dimer fluctuation mediated superconductivity [19, 31] .
The importance of the IrTe 2 lattice in facilitating the long range dimer order is well documented [32] [33] [34] , with signatures of the dimer state found in a remarkable reduction of intradimer Ir-Ir (0.8Å) and associated Te-Te (0.5Å) distances [12] , as illustrated in Fig. 1(a) , (b) . Despite this, and the importance of verifying the dimer fluctuations hypothesis, the utilization of experimental probes sensitive to presence/absence of local distortions has been surprisingly scarce. Existing reports based on extended x-ray absorption fine structure (EXAFS) spectroscopy focus on parent IrTe 2 under ambient [35] and high pressure [36] conditions. The ambient study argues for persistence of local Ir dimers in the high temperature regime where the structure is undistorted trigonal on average [35] . Whilst this, if true, could hint at the presence of fluctuating dimers also in the superconducting compositions, experimental validation is still lacking.
Here we employ the PDF approach on superconducting compositions of two different Ir 1−x A x Te 2 families just across the dimer/SC boundary to explore for the first [35] .
Polycrystalline samples of IrTe 2 , Ir 0.95 Pt 0.05 Te 2 , and Ir 0.8 Rh 0.2 Te 2 were synthesized using standard solid-state protocols, and were found to be single phase based on xray powder diffraction [39, 40] . Total scattering PDF experiments were performed at the 28-ID-2 beam line at the National Synchrotron Light Source II at Brookhaven National Laboratory, with 67.7 keV x-rays using the rapid acquisition mode with 60 s exposure/dataset [41] . The setup utilized Perkin-Elmer area detector and Cryoindustries of America cryostat for data collection between 10 K and 300 K on warming. The raw 2D diffraction data were integrated and converted to intensity versus Q using the software fit2d [42] , where Q is the magnitude of the scattering vector. Data reduction to measured total scattering structure functions, F (Q), and their successive Sine Fourier transform up to a momentum transfer of Q max = 25Å −1 to obtain experimental PDFs, G(r), were carried out using the pdfgetx3 [43] program. Models with P3m1 and P1 symmetry were used to describe nondimerized ( Fig. 1(a) ) and dimerized ( Fig. 1(b) ) structures, respectively, using the pdfgui suite [44] .
We begin by establishing qualitatively the sensitivity of our PDF data to the presence of dimers and concomitant structural distortions in IrTe 2 . In the high temperature phase above T s all Ir atoms are in identical Te 6 octahedral environments displaying an edge-shared topology, Fig. 1(a) , constituting trigonal symmetry average structure [45] . In the low temperature phase just below T s , where the dimer patterns with a stripe morphology corresponding to q 0 = 1/5(1, 0, 1) ordering are established [18, 32] , Ir atoms subject to dimerization sit in distorted Te 6 octahedral environments, Fig. 1(b) , and the average symmetry lowers to triclinic [12] . Pairs of dimerization-affected IrTe 6 octahedra exhibit dramatic structural rearrangements: Ir-Ir and Te-Te dimer distances reduce by 0.8Å and 0.5Å respectively, while the lateral Te-Te distance (common edge) elongates by 0.3Å [12] . The distortions are depicted by enumerated block arrows in Fig. 1(b) . Importantly, only ∼ 6 % of all nearest neighbor Ir-Ir distances on triangular Ir planes of IrTe 2 dimerize, in contrast to CuIr 2 S 4 where the fraction of dimerized Ir contacts is about 5 times larger [10] .
We simulated PDF patterns for the average crystal structures for T > T s (trigonal) and T < T s (triclinic) using parameters from single crystal x-ray diffraction [12] . These are shown in Fig. 1(c) as red and blue profiles, respectively, with their difference plotted underneath. Changes in the interatomic distance distribution arising from dimerization as seen by PDF are marked by enumerated vertical arrows. Examination of the high and low temperature profiles reveals a redistribution of intensity in PDF peaks centered around 3.5Å (Te-Te) and 3.9Å (lattice repeat distance), whereas new peaks appear at around 3.1Å (Ir-Ir dimer), 3.4Å (Te-Te dimer), and 4.2Å (common Te-Te edge). It is evident that the Ir-Ir dimer signal at 3.1Å is rather weak, as compared to that observed in CuIr 2 S 4 spinel [37] , and is barely visible above the parapet of termination ripples caused by the finite range of the Fourier transform. This comes about due to different dimer densities in the two materials. However, this analysis shows that, despite this relatively weaker signal, the PDF is still sensitive to the presence or absence of local dimers.
Experimental PDFs of IrTe 2 for temperatures straddling T s are compared in Fig. 1(d) , where the 275 K (red profile, T > T s ) and the 220 K (blue profile, T < T s ) data and their difference are displayed. A qualitative assessment readily demonstrates that all dimerization features described above and highlighted in the calculated PDFs, which contain the impact of the dimers, are well reproduced in the experimental PDF data. This clearly establishes the PDF sensitivity to dimer structural signatures and their detectability in our data. Comparisons in Figs. 1 (c) and (d) also indicate that the dimers disappear in the local structure above T s , as is further confirmed by explicit modeling that we discuss later. Notably, proposed order-disorder scenario for the dimerization transition [35] is at odds with this observation. The first-order nature of the transition [22, 32] also argues against the persistence of local fluctuating dimers above T s .
Samples with SC compositions display qualitatively different behavior on all lengthscales accessible by our measurements. When the average IrTe 2 symmetry is lowered and the long range dimer order is established, superlattice reflections appear in the integrated diffraction patterns, as seen in Fig. 2(a) where 10 K and 300 K are compared. In contrast, no such features are observed in Ir 0.95 Pt 0.05 Te 2 ( Fig. 2(b) ) and Ir 0.8 Rh 0.2 Te 2 ( Fig. 2(c) ) data at any temperature, consistent with the average symmetry remaining trigonal down to 10 K and no long range dimer order, as expected from the monotonic temperature variation of susceptibility and electrical resistivity [19, 21] . Importantly, the dimers are also not observed at low temperature on intermediate and short lengthscales probed by the PDF. When symmetry lowering occurs, this causes redistribution of PDF intensities and overall broadening of the PDF patterns due to the appearance of new interatomic distances. Conversely, temperature lowering sharpens the PDF features as a consequence of decreasing the amplitudes of thermal vibrations [17] . Both effects are present in IrTe 2 PDFs, Fig. 2(d) , where the 300 K profile is observably sharper than that of 10 K at intermediate r, and their difference reveals a change corresponding to a superposition of these two opposite effects. Figs. 2 (e) and (f) show 300 K and 10 K data for superconducting samples. Whilst there are also dramatic changes evidenced in the respective differ-ence curves, this is qualitatively different from what is seen in IrTe 2 .
It can be shown through a semiempirical scaling procedure that high and low temperature PDFs of doped samples can be successfully morphed into each other, whereas such a procedure fails in the case of IrTe 2 . This arguably indicates that the changes in the SC samples are likely caused solely by thermal effects, without symmetry lowering, whereas the actual symmetry breaking is needed to explain the changes in the parent system (see Supplemental Material for details). To further corroborate this, an undistorted trigonal model was refined in the rspace against the PDF data in 10 K-300 K range for all samples, and the obtained atomic displacement parameters (ADPs) monitored, Fig. 3 . While in IrTe 2 both ADPs of Ir and Te initially drop linearly with temperature, Fig. 3(a) , they exhibit an abrupt jump at the onset of the dimerization transition, denoted by vertical dashed red line in the figure. This nominally implies "disorder", but actually reflects the inadequacy of the trigonal model to explain the symmetry breaking and underlying dimerization encoded in the data. In contrast, no such jumps are observed for Ir 0.95 Pt 0.05 Te 2 ( Fig. 3(b) ) and Ir 0.8 Rh 0.2 Te 2 ( Fig. 3(c) ) in the entire temperature range studied. It is important to realize that jumps in ADPs are not only observed across long range symmetry breaking transitions, but also in cases when there is only a local structure change in the absence of any macroscopic transitions. The inset in Fig. 3 exemplifies such a situation seen in 20% Cr-doped CuIr 2 S 4 , where local Ir-Ir dimerization sets in just below 200 K, in the absence of long range dimer order at any temperature in that system [38] . This demonstrates that there is neither average nor local symmetry lowering in Ir 0.95 Pt 0.05 Te 2 and Ir 0.8 Rh 0.2 Te 2 down to 10 K.
Finally, we consider the actual fits of the trigonal structure model to various PDF data over the 10Å range, shown in Fig. 4 as solid red lines and open blue symbols, respectively. This undistorted dimer-free model explains the IrTe 2 300 K data exceptionally well, Fig. 4(a) , as evident from the flat difference curve and a low fit residual value of r w ∼4%. The same model fails to explain the IrTe 2 data at 10 K (r w ∼15%), in Fig. 4(b) , as expected, given that at that temperature long range dimer order is well established and that the attempted dimer-free model is strictly inadequate. Importantly, this failed fit charts substantial misfits in the difference curve that would reveal the presence of dimers in the data when they are confronted with a dimer-free model. Figs. 4(c) and (d) show the results of such a fitting attempt carried out on 10 K Ir 0.95 Pt 0.05 Te 2 and Ir 0.8 Rh 0.2 Te 2 data, respectively. Not only do the corresponding difference curves not display the features observed in Fig. 4(b) , but the fits of the trigonal model in fact agree rather well with the data (r w ∼5%). The local structure at 10 K for these compositions can be well explained by a dimer-free model. This quantitative analysis validates the aforementioned qualitative conclusions about the absence of dimer fluctuations in the high temperature phase of the parent system as well as at 10 K in superconducting compositions just past the dimer/SC boundary. The transition in IrTe 2 is argued to originate from a uniform lattice deformation combined with charge ordering and subsequent Ir dimerization [33] . According to a recent high pressure study of Ir 1−x Pt x Te 2 , the structural transition triggers charge ordering and dimerization [34] . This implies that fluctuations associated with the putative QCP are expected to appear not only in the electronic, but also in the structural channel. However, the PDF results presented here do not show any evidence that would support this picture.
In conclusion, by using state of the art x-ray total scattering based PDF approach we establish the first direct evidence for the absence of local dimer fluctuations in the phase diagrams of Ir 1−x Pt x Te 2 and Ir 1−x Rh x Te 2 beyond the dimer/superconductor phase boundary. The dimer fluctuations are also absent in the parent IrTe 2 in the temperature regime above the structural phase transition. These results imply that dimer fluctuations are not a relevant part of the phase diagram of IrTe 2 based systems and thus their role in the superconducting pair-ing is implausible. The results provide important new constraints for theoretical considerations of the complex interplay between superconductivity and other electronic orders in this class of materials.
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